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asPerformance, expressed'as the rate of information transmission
wsobserved (for twenty-three participants) in the key-pressing
takon the RATER (Response Analysis Tester). By limiting the

subject to only one response per stimulus, the number of correct'
responses was the rate of information transmitted, The results
confirmed the hypothesis, i.e., the rates of information trans-.
mitted depended on the rate of information presentation (p (.001).
The average information transmitted in the increasing presentation
rate was significantly higher than in the decreasing presentation
rates, irrespective of the sequence of presentation (Low High Low
or High Low High.
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ABSTRACT

An individual's information processing capability is a

j function of many variables - stimulus frequency, redundancy,

stimulus cIlarity and practice. This thesis examines the

effect of varying stimulus presentation rate; 1) from a low

rate through a high rate and back to a low rate again and,

2) from a high rate through a low rate and back again to the

high rate. The four randomly presented visual stimuli were

equally probable.

Performance, expressed as the rate of information trans-

mission was observed (for twenty-three participants) in the

key-pressing task on the RATER (Response Analysis Tester).

By limiting the subject to only one response per stimulus,

the number of correct responses was the rate of information

transmitted. The results confirmed the hypotheses, i.e., the

rates of information transmitted depended on the rate of in-

formation presentation (p <.OO1). The average information

transmitted in the increasing presentation rate was signifi-

cantly higher than in the decreasing presentation rates, ir-

respective of the sequence of presentation (Low High Low or

High Low High).
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I. BACKGROUND

A. INFORMATION PROCESSING

It is convenient to view man as a system component whose

primary purpose is information processing. Man receives in-

formation from his environment through various forms of phys-

ical energy such a3 light, pressure, sound, heat, etc. This

environmental information is encoded by man's sense organs,

processed and stored. The sensory organs tranduce the pro-

cessed information into response or action such as postural

adjustment of the body and limbs, search and scan movement

of the eyes, production of speech, etc.

As a system component, the model of human information

processing consists of four subsystems (Van Cott & Warrick, J

A •1972): a) sensing, b) information processing, c) memory and

Sstorage and,, d) xesponding. Information processing tasks are

the mapping of a set of inputs into a set of outputs, indepen- 4
dent of the energy transactions tj carry it out (Sheridan &

Ferrell, 1974). The emphasis on information is not to deny

tiat energy is also involved; it is clear that energy must

always be present to transmit information. It is merely to

say that performance can be understood more completely in

terms of the processing of information than in terms of the

transformation of energy (Fitts & Posner, 1967).

Information processing tasks have been classified by

Fitts & Posner (1967) into: a) transmission of information,



b) reduction of information, and c) elaboration of informa-

tion. Since the transmission of information is the object

of the present study, it is therefore appropriate to measure

performance in terms of information transmitted. Experimen-

tal results and models in discrete information transmission

tasks referred to by Sheridan & Ferrell (1974) and Cruxmiley,

et al (1961) present the basic concept of man as a limited

information channel. They postulate that finite stimuli with

equal probabilities have the maximum rate of information

transmission.

B. INFORMATION TRANSMISSION

As previously mentioned, one of the products of informa-

tion processing is information transmission. To investigate

further the characteristics of transmission, it is helpful

to know something about human channel capacity, that is, to

know the maximum amount of information that a human can trans-

mit if all the variables known to influence processing are

kept at a level where optimal transmission can occur. Gener-

ally, transmission is best when: a) the stimulus preception

and discrimination are easy, b) the response is easily execu-

ted, c) stimulus and response are compatible, and d) the set

of possible information categories at any given time is known. L
To test whether or not the information transmission is at

optimum, it is necessary to exclude the effect from the input

and output sides, so that the transmission is mostly attribu-

ted to the central processor. Factors affecting the information

9
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ZI
transmission include;

1) Parrallel processing:

There is evidence of man's capability to analyze more

than one sensory input at a time (Cherry, 1976); consequently

some fraction of total capacity must be devoted to keeping

track of the parallel operation, which means that the trans-

mission capacity is not fully used.

2) Redundancy:

SRedundancy or the excess of information in stimuli

could increase the discriminability of an input set (Sheridan

& Ferrell, 1974), and hence should result in more information

transmitted. Crumley et al (1961) suggested, as the speed

requirement in a simple task was increased, increased redun-

dancy would decrease error and increase the amount of infor-

mation transmitted.

3) Task dimension:

Task dimensionality contributes to the information

content of a set of stimuli. Capacity for transmitting in-

formation with multidimensional stimuli was greater than a

unidimensional stimuli.s (Miller, 1956).

4) Absolute judgement:

Absolute judgement is applied when comparing a cur-

rent observation with a remembered, internal version of the

standard. A review of the literature by Miller (1956) indi-

cated that the arount of irnormation that man could transmit

(the span of absolute judgement) was between 2.2 to 3.25 bits

10
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in unidimensional visual stimuli having 4 to 11 alternatives

and between 2.30 to 2.50 bits in unidizrensional auditory

stimuli having 5 to 7 alternatives. Total information trans- -'

mitted for a two dimensional judgement was substantially

h.gher than when either stimulus dimension was judged alone

(Corso, 1967).

5) Input-Output processing:

41 Crumley et al (1961) stated that becau.s& of input-

output limitations, man can process information only up to

iF a certain rate, but under information overload conditions,
- he samples randomly.

6) Rehearsing and practice:

Rehearsing performance and practice could contribute

to the increase in transmission capacity of central proces-

sing. The effect of practice or learning on the ability to

judge unidimensional stimuli showed significant improvement

in accuracy as well as in speed (Sheridan & Ferrell, 1974).

Therefore, to measure only the capacity of central proces-

sing, information redundancy, task dimension, absolute judge-

ment (number of alternatives), input-output processing and

practice are to be controlled. Information redundancy and i

rehearsing/practice are usually controlled by excluding them

from the test conditions.

C. NF ORDATION

Early in communication theory, Weaver (1949) defined in-

formation as a measure of onets freedom of choice when one was

i - -
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to select a message. If one was confronted with a very ele-

* mentary situation in which he had to choose one of two alter-

native messages then the information associated with the

above situation was unity. The concept of information here

was applied to the situation as a whole (a set of alterna-

tives) not to the content of the message, i.e., its meaning.

The unit of information was the amount of freedom of choice

4 one had in selecting a message and was called a bit (binary

digit). In a simple situation where a choice was made only

between several definite messages, the information source

made a sequence of choices from some set of elementary sym-

bols which then formed a message. As the symbols were

chosen, these choices were governed by probabilities, which

were not independent but at any state of the process depend-

ed upon the preceding choices. Weaver (1949) proposed that

if a set of n independent messages whose long run probabili-

ties are:
~1 P2 •P3 ' ""

then the expression for the information content is:

H - ( P1 1og2 p 1 + P2 1og 2 P2 + ........ + Pnlog2Pn )

Corso (1967) defined information as a result of acts of

communication that reduce the uncertainty in the situation

under consideration. Uncertainty is based upon lack of know-

ledge about the given situation; information provides for ths

reduction of uncertainty. In obtaining the measure of infor-

mation, he further suggested considering not only the outcome

12... 1.



of the act that did occur, but also the complete set of out-

comes that might have occurred. The amount of information

is exactly the same as the uncertainty prior to the occur-

rence of the act. The maximum uncertainty will exist when

the two alternatives have the same probability of occurrence.

The choice between two alternatives, which on a-priori basis

are equally likely, makes one unit of information or bit.

Let n be the number of equally likely alternatives, and

H be units of information. Two equally likely alternatives

convey one unit of information (one bit); it can be expressed

as:

n =2

n =2H where H 1 bit

Deriving from this relation, the sequence of the powe:' of

2 is as follows:

0 22H20 2,

If prior knowledge in a situation reduces the set of pos-

sible outcomes to a single event, then there is no choice to

be made and no information to be transmitted, as described in

this relation:

1 2.H where H = 0

Based upon two equally likely alternatives, logarithm of

base 2 can be derived and be used as a function in computing

the amount of information conveyed by the alternatives.

13
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If n=2, then logn= H log 2. Applying log function of

base 2, it gives:
FH

log2 n = log2 2 g

H log2 2

=H

So, the expression of the amount of information can be writ-

ten as: H =log 2 n

Therefore, the amount of information in bits (H) is a

log function of the number of alternatives. Since the alter-

natives have equally likely probability of occurrence and

let pi be the probability of ith alternative to occur then:

H nilog2  10

10lo2 1 10l92 Pi

10"l92 Pi

If n = 4, then pi = ' and will convey information

H = log2 4 =2 bits. Therefore:

- 4 alternatives convey 2 bits

-4 alternatives have equal probability of
occurrence

Thus, in this situation each alternative conveys .5 bit of

information. Applying a logarithmic function to each alter-

native in terms of its associated probability, it is obtained:

-10g2 Pi = "10g2)= 2="I

""Pilg2 P -"-!-g = "•.2) -".

92 -1092



To generalize,

H = log2 n= - L 2Pi i 1,2..,n

H is computed here as the average of uncertainty; the expect-

ed value of the probability of alternative pi taking values

at discrete logarithmic probability function (p log p).

Therefore, as previously suggested, the amount of in-

formation conveyed by the alternatives is defined as:

H = -•pi log2 Pi

D. INFORMATION TRANSMITTED

In the simple case, Sheridan & Ferrell (1974) discussed

the average information transmitted through a channel for

each message sent. Assuming communication or processing of

information from a set of stimuli to a set of responses, the

amount of information transmitted can be described as the

statistical association of stimulus and response. The rela- i

tion of the information processing is shown by the following
Venn diagram:

I.I xny

FIG. 1 . VENN DIAGRAM OF INFORMATION RELATION

15



X: the set of stimuli

SY: the set of responses

XnY: the information transmitted 4

, In set relation, it can be expressed as follows:

(xnY) (x)+(Y) (XUY)

Hence the probability expression is written as:

P ( x()Y )=P ( X ) + P ( Y ) -P XUY)2

Then, the expected value or the average is obtained as:

E ( x•fY ) =E ( X ) +E (Y )-E xUY

- f(x) p(x) + Lf(y*) p(y.)

-] "L f'(xi.yj)) p(xiYj) 4
where f(x.) is the logarithmic function of alternatives and

E ( X Y ) is the average amount of uncertainty in the inter- II
section set X Y. E (X Y ) is usually written as T ( X,Y ).

Therefore,

1n 1
1 3

1092TR ;7- P(XipY9).

H(XY) - log2 1 i 1 PxiY

oa. p(xi)

(the average uncertainty of stimulus set)

(the average information conveyed by the
response set)

11

(the information content of stimulus
response set)

154
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* The above average amount of uncertainty can then be written
as: T(XY) - H( X ) + H( Y ) - H(XY)

The conditional uncertainty is obtained from the follow-

ing (Clark & Disney, 1970):

(x ) = (xlY) + (XU)!)
(xny ) = (x )-(xny )i

P(x) = P (xOY) + P (xOY)

P ( X(fY ) = P ( X ) P ( XOY )

P ( x/Y ) = P ( x ) -P ( xnY
E ( X/Y ) E ( X ) - E ( XOY

Since E(X/Y)=H(X) , E(X)=H(X) and E(X Y)=T(X,Y) then,

H (x/Y) = H CX ) T (XY)

also H (Y/X) H ( Y ) -T (XY)

As described by Sheridan & Ferrell (1974), in any act of

communication there might occur:

S11) Equivocation: The amount of information about the stimu-

lus set X that might have been transmitted but was not, and

it is written as H(X/Y) H(X) - T(XY) ; i.e., when several

different stimuli tend to result in a single response. Fig-

ure 2 is an example of equivocation. The subject didn't dis-

tinguish the second stimulus as different from the first.

This results in the loss of information that would have been

Scontributed by the stimulus, so the transmission is only 1.5

bits instead of 2.0 bits and the equivocation is 0.5 Lits,

L~
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Resone Yprobability
J of stimulus

xA 1 .25 .25

02 .2

3..2 .25

probability
.50 0 .25 .25 1.00

of response

equivocation
R(X/Y) S5 bits

input information otasitdotu nomt~

R(X) 2.0 bits' T(X,Y)1.Sbi H(y) 1.5 bits

noise 1E(Y/X): 0 bit

FIG. 2. TRANSMISSION WHICH HAS ONLY EQUIVOCATION

2) Noise: The amount off infformation in the response set

which does not correspond to infformation in the stimulus set,

and it is written as H(Y/X) = H(Y) - T(X,Y) ; i.e., when the

same stimulus leads to diffferent response on diffferent occa-

sions. Figure 3 is an example off noise. The subject, pre-

sented with stimulus #1 responded as iff stimuli -#1 and 7#2 had

been presented. This additional response can be considered

as noise,

'Imp



.4 2I 0

S1 .25 .25 .

4 .25 .25

probability .25 .25 .25 .25 1.00
of response

equivocation H(X/Y): 0 bit

input infoxmation i . ransmitted output information

H(X) 1.5 bits T(X,Y) 1.5 bi H(Y) '2.0 bits

noise H(Y/X): .5 bits

$I
3'1

FIG. 3. TRANSMISSION WHICH 1HAUS ONLY NOISE

or 3) equivocation and noise, i.e., when there is a tendency

of a single stimulus to give rise to different responses and

a single response to result from several stimuli. Figure 4

is an example of equivocation and noise.

19
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Response Y probability
1 2 3 4 of stimulus

S1 .20 .04 .01 .25

S2 .02 .18 .05 .25

) 3 .02 .04 .16 .03 .25

4 .03 .22 .25

probilty .26 .24 .26 1.00
of response

equivocation H(X/Y):1.0 bit

input information inf rasmitted output information

T(X,Y) 1.0 bi HcY-) 2.0 bits

noise H(Y/X): 1.0 bit

FIG. 4. EQUIVOCATION & NOISE

The model proposed by Shannon & Weaver (1949) as the

basis of a computational formula to obtain the amount of in-

formation transmitted was,

T(XjY = H(X) + -i(Y) H(X,Y)

As mentioned by Kodalen (1975), the model assumed the follow-

ing:

1) The number of stimuli and response governing the activi-

ties under consideration was limited.

2) The number of times each response occurs to each stimulus

could be obtained.

3) The probabilities governing the events were known and not

changing.

Computation of information transmitted as discussed by

Corso (1967), Fitts - Posner (1967) and Warrick 8& Van Cott

(1972) always has these two requirements:

20
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1) It is necessary to obtain a data matrix consisting

of stimulus (S) categories and response (R) categories. The

cells of the matrix contain the frequencies with which a par-

ticular stimulus produces a particular response. From the

S-R data matric the following can be determined:

p(jk): the probability of the joing occurrence off

a particular stimulus k and a response j

p(j) : the probability of occurrence of each

response j

p(k) : the probability of occurrence of each

stimulus k

pk(j): the conditional probability of response j

given stimulus k

pj(k) : the conditional probability of stimulus k

having occurred, given response j

2) No failure of performance, i.e., for each stimulus

there must exist a response.

Crumley et al (1961) postulated that as information

challenge (stimulus presentation rate) increased, errors

be-ame increasingly frequent; finally leading to the break-

down of transmission which he called the confusion effect.

When communication broke down, as indicated by more than

one response per stimulus or failure to respond, the condi-

tions assumed by Shannon & Weaver (1949) could no longer be

met due to the following reasons:

J.) there is more than one response per stimulus

21 _
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2) the subjective probabilities governing the event are

changing.

Thus the Stimulus - Response matrix cannot be developed.

Therefore, another method to compute the amount of informa-

tion transmitted was suggested. McCormick (1976) suggested

that human responses can be viewed as conveying information;

indeed this was evident in instances in which the outputs

were intended to correspond with input stimuli. The effi-

ciency with which man can transmit information through his

responses depends upon the type of information input and

-the type of responses required.

McCormick's approach was utilized by Alluisi, Muller &

Fitts (1957), who found that the maximum information proces-

sing rate for verbal responses was higher than the motor I
(key - pressing) responses, 7.9 bits per second and 2.8 bits
per second respectively. The amount of information trans- i
mitted in verbal and motor responses of a forced - paced

serial task was a function of the number of alternative stim-

uli, the rate of stimulus presentation and the joint'. effect I
of number of alternatives and the rate of stimulus presenta-

tion (the rate of information presentation). Therefore, if

the number of alternative stimuli is kept constant, the

amount of information transmitted will vary according to the

rate of stimulus presentation.

Cumming & Croft (1973) conducted an experiment on th.e

rate of human information transmission in which four subjects

JI
22
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performed a key-pressing task in response to random digits

presented binaurally via earphones. The digit presentation

rate was gradually increased from a low rate to a higher

rate and then decreased again to form a symmetric cycle.

The results showed that the relationship between performance

and demand depended upon the time history of demand. Speci-

fica.ly they found:

1) that as demand increased, performance rose to a

level, beyond which overload occurred and perfor-

mance deteriorated.

2) as demand decreased, the peak achieved under in-

creasing demand was not reached again; instead per-

formance remained constant until considerable reduc-

tion in demand had occurred, as shown in Figure 5.

.5.
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INCREASING DEMAND
2-0

DECREASING DEMAND/
cc

z

0--.
0 0.5 1.0 1.5 2-0 2-5 3-0

TASK rLMAIWD (OIrjITISEC)

FIG. 5 VARIATION OF PER1FORMANCE~ after Cumming & Croft,]973
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E. PURPOSE OF THIS EXPERIMENT

The purpose of present study was to investigate human

information processing, using the model of Cumming & Croft

(1973). %1,ile Cumming & Croft (1973) used only a low to

high to low presentation rate with auditory stimuli, this

experiment will use visual stimuli presented under two dif-

ferent stimulus presentation conditions: Condition 1#1 the

rate of presentation varied from low to high to low and Con-

dition #2 the rate of presentation varied from high to low

Ito high.

It was hypothesized, based on Cumming & Croft (1973),

that 3) peak of performance in information transmission

achieved for increasing presentation rates would be higher

than that achieved for decreasing presentation rates; 2)

the general shape of the curve would remain the same under

both conditions.

n order to test the hypotheses, the RATER (Response

Analysis Tester) was employed to assess subjectts informa-

tion processing •pbility. The RATER has been used in ex-

periments by the U. S. NAVY to 3ompare adjectival and non-

adjectival rating scale (Helm, 1974) and by NASA (National

Aeronautic and Space Administration) to study performance

in a revolving space system simulator (Newsom, Brady &

O'Laughlin, 1966).

44
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II. METHOD

A. STIMULI

There were four geometric symbols used as stimuli, viz.

circle (0), cross (+), triangle (•) and diamord

The stimuli were presented randomly.

B. APPARATUS

The RATER (Response Analysis Tester) Model 3, built by

General Dynamic Convair Division, is designed to provide

* sensitive, reliable measurement of response speed, accuracy

and short term memory. The device shown in Figure 6 consists

of an experimenter console and subject response unit.

The experimenter console shown on the right contains

counters and switches. The three counters record the number

of presentations, the number of total responses and the num-

ber of correct responses. The switches control the follow-

ing functions:

1. Power: on/off

2. Self pace/Auto pace

Self pace: subject control his own response rate

Auto pace: experimenter controls the presentation

rate

3. Ready/test on

Ready: ready for experiment

Test on: test in progress

26



t4 
-A

* >%� 'CtA�<� A

on

�''�'tr -

I
4,

cc

'0Eq - Fl:1
4
4 k
.1

0 f
0,X

A -�
'¾"9' £

4 ii '

27
0-�

Ar -,----�

- - -� - - 4�>.�v&'t4.Zi�eVŽ.

- ' .-4 &A(a.ffi'�&u'tc�'.�... A



L4. Test Off

5. Total Test Time (in minutes)

Total test duration (in minutes) from 1 to

infinity.

6. Presentation rate (second per symbol)

The rate is from 2 3econds per symbol to .5

second per symbol.

7. Delay mode (number of symbols)

The number of symbols (0,1.2.3.4,) the subject

is required to delay his response after the

symbol is presented.

8. Response pattern

The relative position of correct response can

be varied through 12 different positions.

The subject response unit shown on the left contains a

display window and four response buttons. A card (see Fig.

6) indicating the correct response pattern was placed on the

response button panel so as to maximize the ease of the task.

C. SUBJECTS

Twenty-three students of the U. S. Naval Postgraduate

School participated in this experiment. Subjects ranged in

age from 28 years to 39 years with no known mental or physical

disorders. All subjects showed alertness and eagerness to Dar-

ticipate in the experiments. Subjects were not paid and par-

ticipation was strictly voluntary.
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D. DESIGN

Performance on the RATER was selected as a measure of

performance in information transmission tasks. It was

assumed that:

1) Subject's responses were completely determined by

presentation rate and total task duration.

2) The occurrences of successive stimuli did not alter

the subject's knowledge of the statistical proper-

ties of the stimulus set as a whole.

3) Subject's average uncertainty per stimulus presen-

tation remains constant throughout each presenta-

tion rate.

4) Subjects were familiar with the task.

The experimental design meets the above assumptions by:

1) presenting the stimuli randomly,

2) informing the subjects of the probability of the

stimulus occurrence, stimulus categories and/or

response categories,

3) providing preliminary practice on a series of simi-

lar patterns and presentation rates which will serve

as a baseline for measurement.

4) allowing the subject to make only one response to

each stimulus.

The basic task of the RATER consists of four Stimulus-

Response alternatives, requiring H=3.329xlog 4 2.0 bits of

information for successfull completion. In the auto-paced 4

*1 ~~~290_____1
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condition, although each task still has a constant infor-

mation of 2.0 bits, the difficulty of the task can be varied

by increasing the presentation rate (Long & Fishburne, 1973).

The independent vcriables were; 1) the rate of stimulus pre-

sentation and; 2) task duration. The dependent variable was

the number of correct responses.

There were two presentation rate conditions. Condition

#1 consisted of presentation rates started from the lowest

presentation rate (2 seconds per symbol) to the highest (0.5

second per symbol) then back to the lowest presentation rate.

Condition #2 consisted of a set of presentation rates started

from the highest (0.5 second per symbol) to th3 lowest (2

secon~ds per symbol) then back to the highest presentation

rate. Only one condition was assigned to each subject. The

assignment of each condition was determined by the toss of a

coin. Whenever the coin showed heads conditicn #I was assign-

ed; otherwise condition #2 was assigned.

E. PROCEDURE

Prior to the experiment, a pilot study was conducted to

validate the instructions, determine the feasibility of the

experiment and ensure that all the equipment worked properly.

It also enabled the experimenter to master the routine of the

experiment.

The experiment was conducted at the Man Machine System

Design Laboratory of the Naval Postgraduate School, in an

environmental chamber, where outside noise and incidental
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lighting that might disturb were controlled. Subjects were

briefed on the equipment to be employed and a brief explana-

tion of what was meant by information processing was given

(see Appendix A).

Each subject was given one minute of practice with a

presentation rate of 1 second/symbol, followed by a break

period. During the break, any questions the subject had

regarding the task he was to perform were addressed and the

rate of stimulus presentation was changed. The subject

then performed the task drring one minute of practice with

another presentation i.ate of .75 second/symbol. Task con-

figuration of the practice session was as follows:

1. Manual start and automatic stop of test session.

2. Length of practice session: 2 minutes

3. Type of stimulus presented at displa3 on subject's

console: cross (-), circle (0), triangle (A),

diamond (' ).

4. Pace of trials: auto-paced; constant rate of stimu-

lus presentation maintained.

5. Rate of stimulus presentation: a) 1.0 second/symbol

b) .75 second/symbol

6. Delay: 0; subject was to respond to the current stim-

ulus at the display.

7. Stimulus-response button relationship: as s.own in

Figure 6.
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The practice session was followed by a rest period, A
coin was flipped to determine the condition to be assigned.

The test session began after setting up the equipment ac-

cording to the condition assigned.

There were two test sessions. Each test session con-

sisted of 9 one minute trials and 8 fifteen second rest

periods for a total of eleven minutes. The rest period be-

tween sessions was about 5 minutes, during which the subject

was allowed to leave the chamber. The task configuration of

the test session was as follows:

1. Manual start and automatic stop of test session.

2. Length of test session:- 11 minutes

Total test time: 9 minutes

Total rest period: 2 minutes

3. Type of stimulus presented at display on subject's

j console: cross (-), circle (0), triangle (A),

I diamond (b)

l• 4. Pace of trials: auto-paced; constant rate of stim-

ulus presentation.

5. Rate of stimulus presentation:

Condition #1 (low high low)
Condition #2 (high low high)

Low-high-low (sec./symbol): 2, 1.5, 1, .75, .5, .75,Il 1, 15, 2.
High-low-high (sec./symbol): .5, .75, 1, 1.5, 2, 1.5,

l, .75, .5.
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6. Delay: 0; subject was to respond to the current

stimulus in the display.

7. Stimulus-response button relationship: As shown in

Figure 6.

F. REDUCTION OF DATA

At the conclusion of the experiment, there were 23 data

sheets. Each sheet contained two sets of data from the

practice session and eighteen sets of data from the test

sessions. The data recorded were the total presentation

(TP), total responses (TR) and the correct responses (CR).

The data obtained in the test sessions were analyzed

and screened by the following procedures:

a) Failure to comply with instructions:

One participant failed to comply with the instruc-

tions during the test session. Therefore, his data were

discarded.

b) Mechanical difficulty:

Two data sheets showed mechanical difficulties in

which it was found that the TR (total response) was less

than the CR (correct response). These data were also dis-

carded.

c) Commission error:

The TR (total response) that exceeded the TP (total

presentation) was considered as commission error (Long &

Fishburne, 1973). The commission error w:as then subtracted

from the CR (correct response).

33
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d) Aver'age of correct responses:
The number of correct responses in each presentation

rate were averaged and reduced to 9 values per subject (see

Appendix B).

G. ANALYSIS OF DATA

Values for subjectts correct response were transformed

into information transmission rates. For example, the cor-

rect response obtained in one minute duration of a parbicu-

lar presentation rate is 40, then the transmission rate is

40/60 = .75 symbol/second. Since one symbol as a response

conveys 2 bits, then .75 symbol/second conveys 1.50 bits/

second. The transformation of presentation is shown on

Table 1.

TABLE 1: TRANSFORMATION OF PRESENTATION RATES

seconu,'symbol symbol/second bit/second

••50 2.00 4.00

.75 1.33 2.67

1.00 1.00 2.00

1.50 .66 1. 33

2.00 .50 1.00

Tables 2a and 2b contain the transformation of the averageI|
correct responses. The average transmission rates were also

plotted against the presentation rates.
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Statistical analysis of data was as follows:

1) In order to determine the effect of different pre-

sentation rates, separate Friedman Two Way Analysis of

Variance by Ranks was applied to data obtained under the

Low High Low and High Low High conditions.

2) It had been hypothesized that the peak of the in-

creasing rates would be higher than that of decreasing rates.

Therefore, the Wilcoxon Matched Pairs Signed Ranks Test was

applied to the average values of the increasing rates and

decreasing rates under Low High Low condition. The increas-

ing rates were from 2 sec./symbol to .5 sec./snymbol and the

decreasing rates were from .5 sec./symbol to 2 sec./symbol.

The turning point was .5 sec./symbol (2.00 bit/sec.) and was

not consider6ed point of the ascending or descending sequence.

The test was also applied to data obtained under High Low High

conditions with the decreasing rates from .5 sec./symbol to
2 sec./symbol t-o .5 see./symbol. The turning point was 2;t

sec./symbol (1 bit/sec.) and was not considered Doint of the

ascending or descending sequence.

3) To determine if the data obtained under Low High Low

and Highi Low High conditions were from the same population,

the median test was selected.

III. RESULTS

The analysis of data showed the following results:

1) Figures 7 and 8 are graphs of transmission rates pre-

sented against the presentation rates.
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2) The Friedman Two Way Analysis of Variance by Ranks

a) Data under Low High Low condition

H. Different presentation rates have no differ-

ential effect

Hi: Different presentation rates have differen-

tial effect

Significant level: .10

Sampling distribution (see Table 3) is approxi-

mately chi square with degrees of freedom k-l.

S12

'r (R137777712 3 N(k+l)

WThere N = 11, k = 9

7Q~. 12
12) (9 ) 400+2862.25+8372.25+6480.25+484+4096S(11)(9)(7157

+7140.25+2862.25+625 -3(11) (10)=73.906

73.906 (df=8) has the probability under H0 less than

.001 (p .001)

Decision: Reject H , in favor of H1

The conclusion is that the scores were dependent on

presentation rates.

b) Data under High Low High condition

H Different presentation rates have no differen-

tial effect

HI: Different presentation rates have differential

effect

Significant level: .10

- - -39
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ii TABLE 3: RANKED PERFORMANCE OF ELLVF71 SUBJECTS

UNDER THE LOW HIGH MOW OONDITION

SUBJECT UATE OF FRESLNTAT 0N (SECOND/SI.EOL)

2.0 1.5 1.0 -'5 .50 .75 i.0 1.5 2.0

1 1 4.5 9 7 3 6 8 4.5 1.5

S4 5 9 8 1 2.5 7 6 2.5

3 2 6 8 7 1 4 9 5 3

4 1 6 9 3 8 7 4 2

5 1 4.5 7 9 3 8 6 4.5.2

6 2.5 4.5 8.5 6.5 1 6.5 8.5 4.5 2.5

7 2.5 4 9 7 1 6 8 5 2.5

8 2 4.5 9 7 1 6 8 4.5 3

9 1 6.5 9 5 2 4 8 6ý5 3

10 2 4 8 9 3 6 7 5 1

12 1 5 9 6 3 7 8 4 2

R. 20 53.5 91.5 80.5 22 64 84.5 53.5 25

40
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Sampling distribution (see Table 4k) is approxi'-

mately chi square with degrees of freedom k-i.

'A. 12 (R 1- N(k+l)

Where N 9, k 9

= ~~ 3l.252+2916+4489+17614+24J0.25+2025+5256.25

-41249 .25+62.5 - 3(9)(10) = 55.15

55.15 w-ith 6! 8 has prcbability under H0 of les3

than .001 (p .001)

Decision: Reject F.0 in favor of H1

The conclusion is that the scores were dep,3ndent on

pr.esentatian rates.

3) The Wilcoxon Mvatched Pairs Signed Rank Test:

a) Data under Low High Low condition

H; The average trq.nsmission both in the incr-eas-

ing and the decreasing rates are the samie.

Hii The average transmission in the increasing

rates is higher than that in the decreasing

rates.

Significant level: .10

Test statistic: T =2, N =9 (see Table 5)
The value of T was so small that H can be rejected

0

at level of significant .025.

Decision: Reject H~ in favor of H0 1.

The conclusion is that the transmission in the increas-

ing rates is higher than that in the decreasing rates.

44

41':4

- -- ~,. . .V



TABLE 4: RANKED PERFORMANCE OF NINE SUBJECTS

UTINDER THE HIGH LOW HIGH CONDITION

SSUBJECT PRESENTATION RATE (SECOND/SYNBOL)

.50 .75 1.0 1.5 2.0 1.5 1.0 .75 .50

1 5 4 9 7 2 6 8 3 1

2 2 9 6 4 1 5 7 8 3

3 1 6 8 5 3 4 7 9 2

4 1 6 8 5 3 4 9 7 2

5 3 6 7.5 4.5 1 4.5 9 7.5 2

6 2 7 6 3 1 5 8 9 4

7 2 6.5 6.5 4 1 5 9 8 3

8 1.5 3 8 5 1.5 7 9 5 5

9 1 6.5 8 4.5 2 4.5 6.5 9 3

R. 18.5 54 67 42 15.5 45 72.2 65.5 25
3j
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TABLE 5:

THE AVERAGE TRANSMISSION

UNDER INCREASING AND DECRE3ASING RATES

INCREASING DECREASING RANK OF RANK OF LESS
PAIR RATES RATES d d FREQUENT SIGN

1 1.4523 1.4250 .0273 3
2 1.4625 1.2124 .2501 9

3 1.3416 1.31.25 .0291 4L•

4 1.5750 1.5750 .0

5 1.6125 1.5583 .0842 8

6 1.5083 1.5083 .0

7 1.5125 1.4583 •0542 7

8 1.4583 1.4458 .0125 1

9 1,3250 1.2750 .050 5

10 1.5458 1.4958 .0500 5

11 1.3541 1.3708 -. 0167 -2 T=2

b.) Data under High Low High condition
H : The average transmission is the same in both

increasing rates and decreasing rates

HI: The average transmission in the increasing rates

is higher than that in the decreasing rates

Significant level: .10

Test statiztic: T 4, N = 9 (See Table 6)

The value of T was so small that H0 ca.L be rejected

at level of significant .025.
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Decision: Reject H in favor of Hl.f

Conclusion is that the average transmission in the

increasing rates is higher than that in the de-.reasing rates,

TABLE 6:

THE AVERAGE TRANSMISSION

UNDER DECREASING AND INCREASING RATES

DECREASING INCREASING RANK OF' RANK OF LESS
PAIR RATES RATES d d FREQUENT SIGN

1 1.2833 1.2124 -. 0709 -4 4

2 1.5667 1.5958 .0291 1

3 1.45541 1.5541 .1000 6

4 1.3791 1.4916 .1125 8

5 1.4666 1.5458 .0792 5

6 1.5166 1.6208 .1042 7

7 1.5333 1.5833 .0500 3

8 1.2749 1.4499 .1750 9

9 1.5543 1.5958 .0375 2T4

4) Median Test

H The Low High Low and High Low High groups are

from a population with the same median (see

Tables 7a & 7b).

H1 The median of one population is different than I
that off the other.

Significant level: .10

4 ±~~4.4_ __ _



TABLE 7a: ELEVEN MEDIANS TABLE 7b: NINE MEDIANS
IN INFORMIdATION TRANSMISSION IN INFORMATION TRANSMISSION
UNDER LOW HIGH LOW CONDITION UNDER HIGH LOW HIGH CONDITION

SSUBJECT MEDIAN SUBJECT MEDIAN

1 1.3166 1 1.1166

2 1.3000 2 1.3333

3 1.3000 3 1. 3333

4 1.3000 4 1.3333

5 1.3333 5 1.3333

6 1.3333 6 1.3166

S7 1.3333 7 1.3166

8 1.3166 8 1.3000

9 1.2666 9 1.3333

10 1.3166

11 1.2833

COMBINED MEDIAN: 1.3166

Test statistic: Consider two cases

"Case #1 (see Table 7c); A + B = 11, C + D = 9 and

C = 2. The value of C was greater than the value

at the level of significance .10 (where C = 0) that

H cannot be rejected.

Decision: Cannot reject H

*Case #2 (see Table 7d); A + B ll, C + D = 9 and

C =4. The value of C was greater than the value
at the level of significance .10 (where C = 2).

Decision: Cannot reject H
0

The conclusion is that the samples under both con-

ditions were from the population with the same median.
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TABLE 7c TABLE 7d

less than greater than less than greater than
or equal to or equal to

median median median median

A B A B

LHL 5 6 8 3

C D C D
HLH 2 7 4 $

IV. DISCUSSION AND CONCLUSION

Based upon the statistical analysis and the graphical

representation of data, it was concluded that rate of in-

formation transmission depended upon the rate of informa-

tion presentation. Thus, the data supported the hypotheses

of the present study, namely:

1) The peak of performance in information transmission

achieved for increasing rates was higher than that achieved

for decreasing rates and,

2) The general shape of the curve remained the same

under both conditions of Low High Low presentation rates

and of High Low High presentation rates.

Cumming & Croft (1973), using auditory stimuli under

Low High Low presentation rates, found the c~urve of perfor-

mance in information transmission as shown in Figure 9. The

general shape of the curve is similar with those obtained in

this experiment. Specifically, performance under increasing
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rates exceeded performance under de-reasing rates (3ee Fig-

ures 10 and 11).

This experiment has demonstrated that the information

transmission rate is a function of the information presenta-

tion rate. The relationship between performance in informa-

tion transmission and demand expressed in the rate of infor-

mation presentation is described as follows:

1) As demand increased, performance increased until the

maximum level was reached, beyond which performance deterior-

ated.

2) As demand decreased, lower performance was observed

and the peak of performance under the increasing rates was

not reached.

3) Regardless of the saries of demand (either from low

to high to low or from high to low to high) the peak of per-

formance under increasing demand is higher than that achieved

under decreasing demand.

In the increasing demand case, it can be postulated that

performance decrement after reaching the peak was due to in-

formation overload (arrival of more information that could

be processed). In the decreasing demand, the optimum level

of performance was lower due to the subject's expectancy set

that the task will become easier.

The information analysis of this experiment clearly offers

better understanding in buman information processing, such as

in the performance of military duty where man is viewed as

processor of information.

[ .8
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It appears from this study that the increasing demand

stimulated the operator's expectation which resulted in

better performance, whilst the decreasing demand gave the

operator low expectancy and resulted in lower performance.

In the air defense situation, aircraft tracks are moni-

tored by an observer who assigns an appropriate weapon to

attack the enemy. 'When large numbers of the same type of

threat aircrafts were observed, it -As likely that the ob-

server's performance would reach th•i )ptimum followed by

performance decrement (monitoring randomly). At this stage,

the optimal strategy would be the grouping of targets which

would increase the level of performance. In the case of the

smaller number of aircraft, selective monitoring will im-

prove performance.

It is felt that the present information analysis will con-

tribute to better understanding of man as an information pro-

cessor in both military and civilian organizations (such as

those responsible for air traffic monitoring and controlling).
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APPENDIX A

INSTRUCTIONS TO) THE SUBJECTS

The rater is a test of your information processing.

Four different symbols, viz. cross, circle, triangle and

diamond will appear automatically in a continuous random

series in the viewing window. Each of the four response

buttons below the viewing window corresponds to one of the

four. symbols. Your task is to respond to each symbol as it

appears in the viewing window by pressing the corresponding
correct button.

After a symbol is presented, you are to press the appro-

priate button. if you fail to respond within the time avail-

able a new symbol will be presented. The number of correct

responses, incorrect responses and failure to respond will

be recorded.

Try to respond rapidly, but as accurate as you can.

Press only one button at a time, and give only one respcnse

to each symbol presented. If you press any two buttons simul-

taneously or give more than one response to any symbol, an

error will be recorded. You will receive two practice trials

to help you learn the correct button.

Remember that although the sequence of the symbols is

completely random, run. of the same symbols may occur. Do

F not try to anticipate which symbol will appear next.

Place the thumb and forefinger of each hand on the re-

sponse buttons. Maintain this position throughout each trial.

We will begin with the practice trials.
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vi'atch for the ready light. A trial begins three seconds

la rat when the test light comes on. Begin responding when

the first symbol appears and continue to respond until the

test light goes off indicating the end of each trial. You

will be given two practice trials consisting of 140 presen-

tations. Do you have any questions?

(After the practice session was finished)

Now that you have learned the correct button for each

symbol, be ready whenever the test light comes on and begin

to respond to each symbol presented until the test light

goes off. You will be informed when the first test series

is completed.

-S-
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APPENDIX Bl

SUMMARY OF X VALUE UNDER LOW HIGH LOW CONDITION

SUBJECT PRESENTATION RATE (SECOND/SYMBOL)

2.00 1.50 1.00 .75 .50 .75 1.00 1.50 2.00
1 29 39556 49290

2 39.5 56 49.5 " 48 54.5 39.5 29

2 30 39 54.5 52 23 29 47.5 40 29.5

3 26.5 40 51.5 43 21.5 33.5 56 39 29

4 28.5 39 56 65.5 30.5 64 57 38.5 29.5

5 29.5 40 58.5 65.5 35 59 58 40 30

6 30 40 58 53 22.5 53 58 40 30

7 30 39.5 59.5 52.5 27.5 49 56 40 30

8 27.5 39.5 57.5 50.5 24.5 47.5 56.5 39.5 30

9 25.5 39. 56.5 50.5 26 38 52.5 39 28.5

10 30 38.5 57.5 59.5 32 54 56.5 39.5 29.5

11 29.5 38.5 55 39.5 37.5 44.5 53 37.5 29.5

4.
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APPENDIX B2

SUMMARY OF! VALUE UNDER HIGH LOW HIGH CONDITION

SUBJECT PRESENTATION RATE (SECOND/SYMBOL)

.50 .75 1.00 1,50 2.00 1.50 1.o0t .75 .50

1 33.5 33 48.5 39 29.5 38.5 48 31 28

2 31.5 61 56 39.5 30 40 58 59 34.5

3 27.5 48.5 58.5 40 30 39 57.5 61 29

4 21.5 48 56 40 30 39.5 58 54.5 27

5 33.5 46 56.5 40 30 40 58.5 )6.5 30.5

6 35 55.5 54 37.5 30 39.5 57 56.5 39

7 35 55 55 39 30 39.5 57 56.5 37

8 30 32 52 39 30 40 56 39 39

9 29.5 58.5 59 40 30 40 58.5 59.5 33.5
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